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l.K'.y?t:ry lvw:n ov e r 'i'rcn c*)K -r> ri‘ xl 
J s]i iiKl-Arcr. aiy.l C'.vmc'.ii on .in tlio ’•'■.mtlo 

7Q)i ;<ract'. 

'I'lMnsfor tcxrrlinjquot; have l.'een clcvo.loixxI to 

calculalo Uio i.‘ ');-:Uitic o xiijK'nont ot the fjooid .‘jicjnal over 
trcndi/.isloiid-ai c/hack-arc r.yalcms. Ruroval of this isostat 
coii]^x)nc,*nt frcni (.j(.o,td j^rofilos detorTnined by GCOS-3 radcur 
^lltimot^y leavf": a residv’.al cjcoid t)iat can lx; attributed to 
the of feet of na;-,s jnhciiioeonoi l..ics IX'lcAv' die depth of 
com^ejisation. Idforts are underway to extend tlie nnal.ysi.s to 
all tlie major trLavjh/isla.nd-arc systcins of tlie v.orld. Tn 
cc^njimcticn wit!; (rjinerical ii,odols of flov.’ and tcinperature in 
suWuction xonon, which are a].so Ixjincj dove.lor.x.'d , tliis v.wrk 
sliould provide iiore detxiiled understanding of tl;e dynamic 
processes occajrrjirj Ixnealh island-arcs. 


zor.r.-‘5 IS one 


Al I ovc'r T> t?nch'^n nnd 

P’yl (’■ ■(’’ ■'c.n Jm l.!» ' />* nil 


Tntroducli.oi i 

T!je n .Lure of deep utixictuirc of suWuction 
oi the major unr. olvod tojjlcs in ct'x'>iynair'ic.' 7 ' . fuch in'rortant: 
cjueDticnij as t;!:o naturo of deep •ja.i.'fjyr.’akcn !>.aioat:!‘i island arcs 
tUid Liie ro].o of tlic c >sc'ai'.d’.?''.'j lit!iosp)>jre in cli.'ivijxt plate 
notions will renein oniemntic u>itil a Ix'tter understanding of tJ;e 
processes opoi'ating in rui>.luction n,onc;s i.s achieve''’. 

In die p.-st ten years or so, nivc.h effort has teen devotcol to 
tJiis question, but progress lias teen slew. There ore good roasonr 
for t,h.i..s. The problen rs ctctremely ccxrpjen oirl pnx:isc‘ data vdt’i 
wliich to test passible nyolcls have until recently l^ecn few. 

Witli tJio civ.iiloJailii y of high precision satellite altimetig' 
niDasuronents cf t!ie shape of the ocean surface derived frern GHOS- 
3 and SEASAT, hwover, dhis situation has now changed. The far 
nore e:<tcnsive and oont.-'.r.uous coverage of die gravity field In 
die oceans avnj..la.blo tlircugh satellite cilt.iaietry now allows die 
opfxirtunit.y to p2ace nu.c!i t.ighter constraints on niodels of flow 
and tanpeirature .■’ji sulxluction zones than heretofore poss-iiale. In 
conjuction with recant ad\’ances iji dete:rmini.ng the flow law of 
olivine and also in our understanding of plate kijioinatics, detailed 
niodu-iing of die dynamics of sulxluction zones now a;;pcars warrantee. 
This, proeosal ad(.lrosses th':' aerdysls of GECG-3 mc'.isurc’vents. o'- 
the .shape of oc. ..lu siu-face over t.rax’h-isla„nd arc .sy.stav.s and 
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diRcusfj(.‘;j nuT. •? ’cv-.I .’ixxldr, oi f.Tf.v ajid tGir.pcxrnturo Ln r.’jJxlv.ct Ion 
zonor, thiit tho .’.Uijnati'’/ dat.:i v.ij] ly- ur.ty}. to cjnstral'i.. T’le 
l-iotx^scd \.ork Ir; Lv<n<.'ri v'-on '-k^ rosultn o'? previous \vork fvndc.'' 
by K/'.SA under A.:; ■•ccnvMV.- :>;cc 5--11 "/dtij-xM 'oy Date r>.or 

rii.nchos ajid I si:i.nd Arcs and AVeivoction in. t’lo .V.aritlu,-" . Tlifaic- 

j.c.suJ.tn uro fu.at b'.‘.\or?.y dc'.Rcri.boJ e.-jd 'jh(.rn proponed rv'.v wo>"k irs 
prescd ittd . 

HfrFiUlts of v,*c j‘! ; r'^rr/oii:r.c'd to cId'iig 

One of t})o roa.'^ons .for bol.i.ovijiq t.hat f>ate.llito altiii. ■ti-'.’ 
data offer a ir>tc:ntial.\y i.T.::orta.nt co.-;et.raint on tlio doc^p ntiaiotva.-o 
of .sulxluction :-o.Me.n :.c riic-^rn in Pioirro i. '’-bln fiqaro .nb.cv.’c a-. ?-; T-d 
geoid height /ariationo derived f’-m CDO.S-3 altinotry over a 
number of different trenc:Vinland-aro/;.r>c;:-aj:c .sy.nte.nG plotted a.n 
a function of t.’.'O inferred ago of the lx;c’:-arc hn.si.n. T.here in 
obviously a strong Lnversc correlation ly^f.-.-eon the amplitude of 
the geoid signal over these regions and 'ahe age of 'die associated 
back-arc Ixisin. This i.n ca;r.h:i;;i:;cd in Figure 2, v/hich dinplavs 
individual altinotric geoid profiles over tho Tonoa, .'^nin and 
Western AJ,cutjan arcs. 

There aprx'ar to be at lo.a.st tw e:-rplanaticn.s for thi.s correla'-..icr 
a) It is a torograp’iic effect duo to the shallower 
doptli o.i: yoang back-arc bosi..".s ccmbi.nod ’•xtii dhe 
di.j.fe.t. .nco .r.n Irt! orphjoric ago.s on ov^xisl'x .sid'-.s 
of th.,' -.rench. The gone.rally -rail free-air gravJtv' 
ancmalic'.n oJiscr-v-od over bac.’-.-orc b.-..sj.nn indicate t!-.a.t 
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Firiux"e 2 G/rC.S-3 cjcoid heic^^it profiles ‘over three trench/is] and -arc 
systeyi’n :vyj assoc iatcc batdrarcti'y cor Ivor- from nearby 
shi.ps ’ tracks. 
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theno axo in c-\p»>ro:<i'r,uto isostntic ocruilibriim. 

U(x?au.<:':) of tlr> d: fj'crcncn in tho moan clcr^fh of tho 
ocojM i lt'or In I.nck-to-c nircn and sociward of 
tho ttx'vidi, hwo>/or, tJi^ro .'d'.ould ho a lonO''‘^avolc!'.c;th 
contr.U.i’ticn to t);i» <jr.>oicI sionnl over trano',: and 
isl<.iri( ! -v'j'cn duo .‘•o’.uhy to tlio toj-xyurnphy t'.ic. it;; 
cctnr...,,;:ation. SLnC(» Lho moan d,.-pth of Uck-arc '■jar:in.«3 
api>-!c-ir.n to nystrnitica.Uy incroa.‘.;o v;it.h atje, Lhis toyxo- 
graphjc ccrifcnojit of the gooid rfiould therefore docrc:-.,- 
with tho ago of tli .■ back-arc ar- vi. 

b) It could reflect differonc.los in the deco structure 
of rub !u,cticn nones related to tho prose-^ce or .•d.nonco 
of an active tack-c<rc rraion. 'Tliis in supported ty 
the ob.-.a-^e.tion tlv.t the inferrcxl dip of the davT.going 
slab, an reflected in t:-;o distribution of intonivx'inte 
and deep carthquakeo, in cioncrally ntoc-p tenoatli regions 
of active or recent b?.c:;-ajrc extansion and shallow 
baneauh rcgioiis v/hcre hack-arc extension is absa".t 
(Uyoda ar.d KiiniTori , 1979) . 

Fran the point of vi.cA' of i-nvostigations of the deep st-jcturo 
of subduction zop.es, possibility (n) i.c; ccmplica-ting effect 
since it results fror. shallow cr^astal/upper rnntlo s-acturo hh-.t 
mny riask tho gravity effect du<^ to deeper shract'ore. 

Tran.sfer .':”-cticn tocbpvyr.s Vi.,.,. therefore been devr.^c-,.r 
to calculate t>.. cc^,oonent of the geoid signal ever tr^nchon ap.^ 
i.nland-arcs due to of foot (.;) , 




Tho tiynthod ir. iJ.?.nr5tu-ntod L>i r'iciuros 3 and •'! and can dcrcrilxd 
an folic .vs: 

Given a f'unct.ion b':-;) r'''vrPKonting b*it.hyrrotry, v.v? scx']; a 
fi.lt.oi f (n) ' i <.) .. .-’h y.v'li'“n ccnvolvol b(x) f v/lll prcxJic*. bJ:o 
(Jicoi c.‘ ; j.cal goc'fj va^il''t.^cn n(x) duo to ‘cciJOgfsphy and its 
cxxniA.nuttion, vi.:’ . 

OJ 

r 


:i(x) = J b(>:')^(Ix-x' !)dx’ 


(. 1 ) 


Taking tlie Four ’or tr.Mvjrom of .'oth Edcor, of equation (1) wo 
obtain 

N(S) = B(S)P(.g) 

wliere N (S) represents t.ho I’ouri.or tranaior’a of n(x), etc., and S 
is Jig transform v.-u:iablo. Kg note freon (1) that if b(x) is a 
delta function 

b(x') = 6 (:•.') 

then n(x) = f(';;t). Tlva fj.ltor f tberofere ropr'‘*sGnts tiao Croon's 
function resTOnse to a point tcpograpiric anorivaly on the ocean 
flexar. The Fourier transfoiau of t!iis filter is -aiown as the ad- 
mittance anf c.in }>a tiic'cretically calculated for different schures 
of isostatic ccirponr-ation . Fi.^ruro 3a s!io.vs the form of the 
admittance for tlie Fratt-Hayfcrd ncdel of i.sostas>y in which 
tofori'-apJiic variations on tlie occan-flcor arc canixnsat.d at 
depth by vari.;it:,ons in tlie density of tho nvintlo. Tho s’X'.tlal 
filter corrGs.xneling to Figure 3a is sl-.own in Ficairo . 

The meth(\: •ircceeds as foli.cws: The Fourier lannsform of 

ttiO observed l^it.liynietir.' (Freure 3d) is used to obtiin Jio bar.h'.TXi; r'/ 
f>*pectn.tr' (Figure 3b). 'v’his complex spcctr.nn is multiplied bv the 
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. . JM-ITY 

t-'ioorctical Mcini.tt*nr,c;Q tin'.! ♦.h'^ inverse T'-iurior transCo.m of the 
result tek'."! to chLiin v.ho ccinocnont of tlio fvojd 

^ . 'Ju.’.s proc' is ojuiv.ilont to cxjnvolvlii'i t.ho 

'.n Fjni!' i.! v'.Ui Lht' ob'"''" 'od b\th^tr>;,‘‘..ry (Fi>/.u.*o ?d) but 
oalculntioiis ;.ox-v..rJ much. ranidly in tiio vnv'.i/nilxvr clc.nvnin. 
Cure must bj '. alien to avoid rj; uvious ros.lts due to edejo oifcx' r.. 
'!1ii» acof-' - ’.i..slv:u l y ox .-.cn-J l.'v;! tb; left Iv.nd end of t’ o > •. 

in Figiiie 3d by iGOJen and .'pplyin'i a 500k:n ior.'j cosine '-■'ovry. 

^JOt*i Cinds boiono calculatin.^ th'^ S'X'citiT'jrp* 

It can },>.•> ncv-n frc:n Fiejure 3c that 13-20 riocors of t!ie 
obr.or\'(x! oexsid vcriat.ion ovo.v id'.c 'I'orxja arc enn bo attributed tot!.*' 
bitJi^'Ti'.otr.tc c'-f'.'Ct. Cubt; aci'.ion of tlii.s coiiponont from th.o 
ebsorvod ccoid yives a re.'vidt’.tl cooi.d .•'hc.si^ an a deshed lin.o in 
Fifjure 5. live ro.sideal cro.id thevoforo rcorcr’ent.s th.?.t nort o'" 

t!ie observed oeoid siened. t!iat cm bo at'rributcid to EM)jlit!'.ospiv''ric 
sourco.<3. 

T.1'3 *.i_tc:) .shiCt.-.Ti tn Fxc'j.ro *! .**cp’"'^rjo?Vcs the oeoid effect dui"* 
to a.li-.o noerco a<:su:tiiny a Pratt .-c'y.’ma cf i.-octntic ccnitxn.sation. 
Other filters c->n o.mi.'.y !>:» constr.;ctoc! for ctlior irostatic 
nK-chani.s:n.s, .suc!t a::; bho Aity-I'.'bftanon vliich toro- 

grnp!uc variations are cerp. •nsat*:>':! liy variations i,n crontal 
thickjicfj.s, cv’GSticn of v!iich mechani.'n'.'. .’s .""cro aonrc'^ria^’o 

^ P'P. t--Cvi.l.ar r^* to some extent su.h*’'xti'/e but 

iTatt iTi''»,!e! S' :' ■ to b? th'*; TOst appropriate fer isl.md-arcs '.•■''■'n 

cvidmco of pronontly active or rc'.x-nt extension !joh.i”.d tlv ar n 
Tlieso rr,<(ion.n aro chevact.rnrixod bv !i: •!> he-it flew i.n t.!ie ! -.ck-T - 
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of Uio to!X>jr(ip!iic Grfc/'wO (.'Nccp^i In PIig )T'''oicn jjmiGdic^tcly 
soawcu"d of Lho (nx'ncli. 7.'lie reason for' this is that the tc[x>- 
qraphy inTiiodiately seavarcl cf the t::Gr.c!i results, not frcai iso- 
static caupansati.on, but frcm tlie rie>mre of the s^tlyJucti.ng elate 
as it enters the- trench. This outer rise is present seanord of 
nvast trenches and can cive rxsc to cravitv ancxmlies of up tc 60 
milliqals (VJatts & Talwani, 1971). Those ancirvalies arc much 


larger than those c^ilcralated assining can isostatic model and 
therefore the canputod ceoid in tlais region i.s too srall. 

This probJ.cm was overcome !jy applying a serjorate filter 
corresix>nding to a model of a loonding plate to t!ie cuter rise 
region seaward of the ti'cnch. The results arc shCA^ii in Figure 6 
in wlxich it con !xi seen tort the outer rise cempenont of the 
observed geoid signal has row )>oen renoved resulting in a resi.d'oal 
geoid which is sraootlier tixan in Fioure 5. 

T!’.e otove ;..'rcx:oc!’jro v;as also applied to the oth.er profiles 
shevn in Figure ?, witli the result? s)'.cv;n in FlTuros 7 and S. 
Fioure 7 cemterer; the rof-.ilts cbto.incd from profiles cross-';.-; 


'Tonga and L'onin r'-;d-arc sy;rccm.s. It is i".tc.rcsti ng to n.-'t-e 
obse'.ryr^; geoid hc.xoht '/ariatxon xs larc;or 
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14 


tJio 'l\jng.i arc I'vui over tJ'.o Ponin arc, '.'ho residual n*?oidf? left 
after 'jubtx'c'.ctijvj tlio iccntalic cc^iix^nent arc roughly 5.irdlar :n 
yhaix- .uul ami'liU’/Je for tao t.vu cases. Thin suygostn a sirulaj ity 
iji tlio ducij st'^v.Turc l>crcaLh Ihcro t-.su rc>;tiono. 

I’icruvo 8 di.splays the i-'. si'lty for profiler, crossing the 
U'osLeni /-.Icv.tian trci^ch. Th.n l-ack-arc a-ea h\ tliin region Ikis 
i'.onin.l h'.nl: flow esnd tiierc is no eviebnee of anaralous atteiiuaric r. 
in tlio mantle 1 .-^hiiyl the ro^'.T'.goinc! slab. In this case, an. .Mry 
i.sostatic nrylol v.’-.is thoroforo uscxl to compute tlie to,'X>crraphic 
yooid co;nponc:-it encept over tlio outer ri.se wnore a Lxrxling plate 
ntadol was used a', before. There i.n an offset in t.he G-OP-3 data 
along this par tl-n’lea- track and it is bite res ting to note that if 
tliis offset w'lc to be rmuvo'.l, the a’.rpl itvido of tl:e roniduil 
ocoid variation vAiuld lee or.ly of tie order of 5 meters. T!io 
great difference* leetwocn tlie amplitudes of tl'.o residunl ccoids ir. 
Piyures 7 and 8 raint to .sieii.lar differences in ‘Jie deep structure 
beneath those rcy.’ons. Such differences .are also suggested by 
the distribution of Geurthc-n.vrhe.‘? ho.neafh those areas. In the 
foimicr case, earthutake f(x:i e;--.t(rnd do',*.’n to GOOlmn wh.ercas in th :0 
case of the Aleutian arc, cnrth>;Tuakc.s deeper than 300km are 
unlda/mi . 

Tliese differences in the nn.xim’um dcptli of earthGual-icc ben*'!ath 
island arcs have, of course, long Itcuu rocorinired and cjo.nerally 
attributed to differences in the thermal stiructure (e.n. '•VaKcn;'.!* *, 
1969 ) Unat is no..' here is that the geold data o;h'lers an ad-iit;urs:l 
iinportauit coiistroint that will allow scraa of the pre\'ious i.clr;;r, 
to UKire critically tested. 
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'te* ‘ cla t:: 

It i*-’. !‘'i V’ ‘■'i.xd to oxtuyi t!iu ri xhol clorc’riivx! ah'C'Jt to ot;'v.' 
Ltencl'i isiani] .irc r;.yr.tc:i.<i i:i o.’x’.cr to loo); Dot any f'.yot'-rritio 
iVittor’is in rci‘ii.’.L;al cjcoid anc'rvilier; an;! alto to ocrrpilo <-i cat -I'.- 
oi.‘ residue^’ qtoid profiles for uae ;.n tontiji'^ tJie nuiftrical 
iicxl'jln dOGcrib 1 lolcr.-.'. 

A relntod line of resonrcii v/il.l !>o to develop n’.et’iO'lG of 
usinq 3“d.ijnonsional .inoGta.tic gcoid. filters. This will coinpli- 
nx.'jit v/ork on the analysis of ?.-D frr)f.';!('G amd v/i.ll also allov/ the 
isostatic and repidval qooid ananaJi.ics to be calculat'xl for 
specific reqioi'S of the v.orld. It is pla.nr.‘ad to utilize an 
oxt(.!nGivo date set of 1” 2d ba’diyir.ot.vy measuroiTionts and rad<:ir 
altiiixitxy' qcoidal lieichts rc-ce;it2.y acquired frc;n the National 
Geophysical and Colar-Terrestri al Date Center. Canparison of the 
2-D and 3-D results along cei'.rr.on linos sliould provide a useful 
test of tlio ro2ative merits of each ir.eth''>d. Regional maps of 
isost:itic and residual geoid hoiqlit vari.ations will he publi.'ticd 
as a r< 'su! (■ < >1 ! li i s >i 1. . 


2. Peveloprr.en t of rurr.eric;Tl rrc dels of a subd\.;ction zone 

Pi.nite-diffo’:encG irodol.s of th.o deep strijcturc of seismic 
zones ha'/c h;en doveloixd and furtlier work in tijis area i.s 
resjuired. The construction of tiiese 'rodols has been quicc-d by 
the following factors: 
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1 . 


The* r.iyj'Al.c’ ),.o ns conr:is*-<-jnt; ns jxjssiblc v/ith 






\v!ut j,;; i.'i'i.'sej'itly kric/.s’ii •'iIxj'.iI: sii)ji.lucl;jo:i v.'i.t.bout 

iiiU\>.’.uclng n priori n;:s'A'v-tioi:s. For o-.implo, ci’ 'Jr>u';;i 
Uie j' lativo n'.otioii {and in scr’i 3 cases, tho absolute 
notioii) of the ccrivornityj plates at the surface is 
reasonably v.'el]. dotcrTi.'ni.''d for rrost trenches, the 
attitude of the r.t.ron!iilii':os i't deptii is not. Tb? 
cair-.'on assiTOrptio;! that t!io planar Beniof f tone definc'c'', 
by tho itx.'i of intovinediato and deco eartdiouahes lies 
pnral ,i ‘l to t'le S".rfa.c^ of th.e do.scendir.ci liti'osphere 
is only an assumption vh.ich is not subject to any 
rigorous tost. It is largely Ix-isod upon the conclusion 
of lsac!:s and Molnar (1971) t!iat such an interpretation 
is consistent v.-ith t!ie fecal ipcchcnisms of intonnediato 
ojid deep earthevu’ kes . However, Isacks and Volnar assumed 
tint stresses v/ithin tiie descending plate were (venerated 
by forces applied to the ends of tho plate. If tiicse 
stresses are in fact caused }:y surface tractions due to 
tlie motion of the plate through the nvantle, tlion the 
same focal nicchani.smn argue against the idea thnt 
streamlines are p,-^rallol to the Penioff Zone. 0!>- 
viously, any satisfactory nod'ul of a subduction cone 
must, prc/lu.ce stresses that are at least consistent wit'i 
th.o focal ;r''chani.orLS of deep e.art>.craakes , but tJiis 
s.hould bn result of the nxxlel, not a primary input. 

The motlelr; . .'ist bo n’cmerically tractable and the con- 
puting algor:’ ‘-';m sufficiently fast that testing of a 


IG 


,.v.nc:o of nnd Jxn;ncJat;y 


♦ X I. J.f J; ) ^ < 


fivsiSIo. 

A .'3.Tt''r;:,,u'< / ..ir (Yi”'n'r"'i f ■, i i 

have ac!.j,.va> vith t!;- nocV*l *h.f- 

‘^i wic.t cjilve tho rosultn ^ 

Fi^juro 0. 90VO-,lnr. r'.ra-,V. 

J - .J.k.^o!.c^ vA-.-e rolvod u:;ing finite 
dlfferc-Tices on a 25>jv. cn-'d 

i 0 ro-tancvlar ):ox 25C0Vjn wir’.? 

600Vjn dcor:. r i 

<.0..-.> c- -h., cc.-,, r«.io. can be in- 
cicaced one, e,,, ncroric^l nc.'Krn ■- <., ^ 

— • — • — -.a^ -onn. Ura.i/ind 

(.i^foroncincj v,vm mc,-y> ^ ,.■ , ■ 

j ■ ....IX. 'j:> T^t:n'oin m ’"'••»-■ r>-.i c.< ,i ■^■ 

n.. ,.. _crd. otn.btl.ity .in thn 

teinxiraturo r-u’-iti-'.n 

H luion. i-nctor.n inr'tnr'o.j t.u^ 

, . ^•i...u..oo. _n t.ho ccniputat.ion .-3 no 

tar .Lnclu.de adiabatic co.rc'-o--nio.i ,• i , 

■■ ■’ ■' Lbernval co.nductiv'' tv 

aiid internal h-iat rourcr-- ^ • 

o,rc..... ,.ore ccnpUcati-^d effo,:ts, .nuch a-^ 

i..tcmaJ. bmyanoy forcnc and .chcar sbra<n . 

, ■' — na hc^v^G not: '’ot 

included nin^n t-ho 

,, , ■ ” -'-•'r .1--. N'c-.ftonian and 

tnorofore iinrc'ul^o^-fn 

Onco problc-x. vc.th introducina a nva^n 

realistic rheology have hocn on’ • 

. -^’^'-t.ional factors can 

be considercvl. 

The nriiji differer.ee b/^tvecn . 

-..- ,.oce^ ...has-!! in Finure 9 and 
most other previous n-odols lies .‘n tho , 

boundary conditiojis. Cn 

the horizontal hourdoi-' eo ^ • 

«.^itionn a,-e that t.he vertical 
velocity is zero occent -'n -> i nni^ 

■P.- -1 « loom wide ttawltloo region cn «» 

upper boundajp/ .md tint th-^ hor^-on'-si i • 

--r.....on..al ve.loc:.tio.s assunve srxci-s,p 

values. The specification of a .nrn-^e.-o Uo. 3 . 

,, ' ■ 'cental velocity o.-i 

the lover Ix^un.rb.vy alla.;s the of^cc'-.- o- 

trench migration with 

re.s[xx!t to tlie Ic-.v-er .-nor tie *-n iv. ,• 

-o 1- inveGtigator.1. cM the vertical 

J-.ricc, tbc ccnd.itions arc „,...c vcrt.ica.l velocity, and ccnfnu, 

^ .-.xiu 3tron.c. .bore ..otcrial ..tciin .d,o ro,..i„„ tbe tanp.rat.,,r„ 

is specified I ♦. 1 - . 

it l<Jcivcs t!io nc^ic'in u • 

vion, ,.,ie hor.izontai tani- 





^x'l'aturo ornvllont in anruiuxl to te 7oro. Tlioce conditions ro- 
j-n.'smt a snxr<')Lli cc'ntinvation Ixitwcon the floAr and ton’rvraturi' 
'nnide and outn da tV^ ro/’cn. Tn PU'ito of hJio larc!*-- nuiT*>or of 
qrid jX'int.s and ‘.d'.e ncco; . ity to adjuot the vorticity on the 
b.'VUKb r i oa to Svitinfy tlv:; v<?.V>oity conditions, tljo use* of an 
ALti'i'iinting ni'i-ucticn rirniicit nchcir.e pnxiucos rapid ccnvory<.'!;Cf'. 

Pccauco O! tlio uncertainty in the position of ti'iO sla.b .‘i; 
doptl), no rii-ji.d hoi’.nci;'.’''/ in rixxilficyj witiiin the? interior of ‘ho 
reg'on. Th.o aim in to a tO'.’',;;o.rc'<tnr'.'- and prosnuro-de:>and'.nt 
viscosity ajid ailfw the dynamics of tho flow to detennijic a 
reejion of high viscosity that can identifier! as t!ie coAr.aoinc 
slab. It is nfr:esfv.iry, h.c-.v’evor, to sim’olate t!ie initial attitude 
of the .streamlines at the upper surface. This is done by int:;o- 
ducing a lOOI'Ju v/ido trcuisiticn rone on the upper toundary v.'ithin 
v.hi,ch t!ie velocities vaip,' smoothly frea’. a toIug appropriate to 
t!ie convergence ve.locity of tl'ic seav/ard plate to a rero value 
land^/ard of th.e trench. Tr.e valves o'" the stream function witur 
t-he transition ren.o are calculated jjo ns to bo co'isistent with 
conservation of mass over a 51-mn thick ''ogion. Thus tho "oipr 
boundary of the m.'dol represents a depth of 5!tm in t!ie eart!i and 
the temperature values o:i tims upper !x”undaries are a.djustcd 
accordingly. 

F.lcriiTO 9 rhcj'.t'jo vlsccsitiv u''o 

streanilinoc spread cut bonx‘*"tih tho t^“onch doo.diry: to a broad 
of dc5:conding rratorial . ?/: a con.scx:ucr*)CO, temroraturco at dc*:'. h 

are unrealistically sLucc tho of de:*:ce.ndi:*'.a b- 

too tiiick to bo haat'-od up apurociably by tho surroundirv; hot 


*1 


trv'u'itlo. In r'Vility, it ji: to !.■> c,X!x*otc<.l tivit tho zono of cV-r-* 
ct-'-ndinci rmtoria.l v/.'.ll l:o iruc.b n^rcc'.vor noco.u.to of tho •cffc'Ctri of. 
tfiiiforat'.a'o “.If • orxVxnt rhi'xjlo^*',’. 

Th-'* next • i.op ic to ’'>cdiry tho rh/.olcoy ro as to tohc into 
accoijit t-hin It in o.'.antvx’ to tho irvo'^t recent doto’*- 

niination of tl’-‘ flew .law of olivhno ('hr>ns ct al, 197S*) which 
ijicludes ti ixy.vijr Jav.' C'Xpcnent iind t.hc cv';;or.iTentaI.Iy-detotTriin'‘'l 
value of. the at^tiyation vol.otne for cro'.'p. The creep law ha^', Ixcn 
cast in a ttinsor fortr. so that. t,he cyfstrj'ig ntmorival rr'cthcd can 
)>2 used, but v/i‘ih an ad'.’it.lonal tonn tn,’;i:\g into account tho 
variation of viscosity. :t i.s v.-ell kno.-.n that extre.-iva variation.-, 
in viscosity load to nu-norical instability, so that it will bo 
necessary iji Uio canputatici'.s to liirit the range of elfectivo 
viscv..si ties allowed. Kc'/ortbolesr. , enough of a viscosity variation 
can }je included to sub.nta!>.tia.).ly ali-er the flow pattern sho/.n. i.n 
Ficaire 9 aiid horoful.ly load to a narrow sc:.o of desccndij'.g nvito.via: 
beneath the tr^^nch • 

Some of tho additional factors that will Lvi included in 
later models are internal bu.cyancy force-, -hear strain heating 
and t)ie effr<n:r, of phase c!'.anges. C'-'antitics calculated from the 
models will inc;ludo stros::.o.s w>.' 'hin tho flew for ccmpar.lson wilh 
the rnf erred fciruil mocliani.sny? of Coop carthca-hos; .surface de- 
fonratiou; and. th.o result.lng -iuapo of tho ceoid at tahe svirfacc for- 
ccxm'xai i.son v/i.th tirio re.sidual geo:d c.hL-ained in t.ho other rart 
I ho study. 

.''odifications to th.o hound-u.-y conditions will induce o;;- 
tondiiig tiro doptii of tho rex^ion to 1200 ’oti to look at tho ef^.ct 


OR!'''\’Ni. IS 

OF I’U 




a 


of 0 clc'jpir i\‘*;ur;n 1 lc.v airo pro5:cT.ibin7 a jyjn-zoro hor- 
i/onUil vo’ocl'v on th-' Ir’.s’o- kov.icV.rv. TI:o Ijttor 
i;j in ordor to ot'' of foot of inicj.vAtion of the troncli 
with roLsp'ot tlio c’-o^p TL*'.nt\o wliich. I'rr; not ioen inolr'.!>.\i jr. 
iuiy previous v;.,'- ’';. 

AlU)C.)U<ih ‘-.h" ."rriei rrO;ToriV rhevo in fairly rarplioat(\l, it 
j.s ti actal^Jx* r>rovi<*(xi that CA ?.'0 i.s tnj'on to onnuro nu’iorical 
rtAbility, ar.i.1 nor? to of^or px'*mc‘ n'’'w inniohts into our 
uncorct-inding of procensen occur rir/j in nv’xlut'tion '/cnoc. L’nln 
tho results of thin ntudv, it :tny ho posniblo to address !;o:r>a of 
tJio outstnjyiin'i question;', related to the role of sulxluction ;:orK-s 
in dri/.liig plate motions. 


Pro t~os< xl T i.mot able 

Funds care reemested in this prorosal for a t^o-year study of 
tl"iis [i)robA.om. Dirring the first year, efforts will bo concen** 
tratfxi on: 

(1) Extondirig the calculation of tv,o-di.mr?nsional isostatic 
gc*oid ancip.,alics to all the major trencl'i/ifjland-arc 
.systd’.s of tiie world; 

(2) Developing mct’vcds for apt:>lying three-dinensional gooid 
filters; iind 


(3) nt-itending th'..-> nem'-rical roc-el to .handle ncn-lincnr 
teiTireraturc;— and prossure- denendent viscositv. 

Parts (1) aj'id (2) of thi.s study will b.j iiiitiatcxl in .?outcjv!x?r , 
1980, and supported under N7-£A grant NAG 5-94 "Altiinetr'y Data 
over Trenches and I.nland Arcs and Coiv 'tion in the Vantle" 
during the txTird 9/1/SO - 1/31/81. 
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